Abstract Platelets are thought to be involved in the pathogenesis of diabetic retinopathy. The BglII gene polymorphism of the a2b1 integrin, which is a platelet collagen receptor, has been suggested as a genetic risk factor for diabetic retinopathy in Japanese subjects. The aim of this study was to look for a relationship between the BglII gene polymorphism of the a2b1 integrin gene and the development of diabetic retinopathy in Caucasians with type 2 diabetes. Subjects with type 2 diabetes and diabetic retinopathy (n=163) were compared with diabetic subjects without diabetic retinopathy (n=95). A significantly higher frequency of the BglII (+/+) genotype of the gene polymorphism of the a2b1 integrin gene was found in patients with diabetic retinopathy compared with patients without diabetic retinopathy (19.6% vs 7.4%; P=0.008). The present study demonstrates that the BglII (+/+) genotype of the gene polymorphism of the a2b1 integrin gene is an independent risk factor (odds ratio: 2.4, 95% confidence interval 1.0-6.0; P<0.05) for diabetic retinopathy in Caucasians with type 2 diabetes.
Introduction
Diabetic retinopathy, a leading cause of blindness in the working population, is a microvascular complication of diabetes (Klein and Klein 1995) . Several epidemiological and experimental studies indicate that the duration of diabetes and glycemic control are major determinants for the development of diabetic retinopathy, whereas previously identified nongenetic risk factors are variable and include HbA 1C , age at diagnosis, blood pressure, plasma cholesterol, proteinuria, fasting glycemia, body mass index (BMI), waist-to-hip ratio, and insulin treatment (Engerma and Kern 1987; Porta et al. 2001; Keen et al. 2001) . Diabetic retinopathy is characterized by increased vascular permeability, hemostatic abnormalities, increased tissue ischemia, and neoangiogenesis (Winocour 1992) . Platelets are thought to be involved in the pathogenesis of diabetic retinopathy (Barnett 1991) . Platelets from diabetic patients are hyper-reactive to aggregating agents, such as collagen, thrombin, and adenosine diphosphate (Winocour 1992) . The platelet membrane glycoprotein Ia/IIa, a2b1 integrin, serves as a platelet receptor for collagen (Santoro and Zutter 2001; Moroi and Jung 1997) . Recently, genetic variations in a2b1 integrin have been shown to affect the density of a2b1 receptors on the platelet surface (Kritzik et al. 1998; Kunicki et al. 1997) . Moreover, Matsubara et al. (2000) have demonstrated the association between genetic variations in a2b1 integrin and diabetic retinopathy in the Japanese population. The aim of this study has been to determine whether the BglII gene polymorphism of the a2b1 integrin gene is a risk factor for the development of diabetic retinopathy in Caucasians with type 2 diabetes.
Subjects were recruited from the Eye Clinic and from the Diabetic Outpatient Clinic of the University Medical Centre in Ljubljana. The staging of diabetic retinopathy was performed by a senior ophthalmologist (M.P.) after pupil dilation (tropicamide and phenylephrine 2.5%) by using direct ophthalmoscopy and was electronically documented with a 50°angle fundus camera (Topcon-TRC 40-IX, Tokyo, Japan). The study group consisted of 163 patients with diabetic retinopathy: 106 subjects with proliferative diabetic retinopathy (new vessel formation and/or fibrous proliferation) and 57 subjects with non-proliferative diabetic retinopathy (microaneurysms, retinal hemorrhages, hard exudates; Early Treatment Diabetic Retinopathy Study Research Group 1991). The control group consisted of 95 subjects with type 2 diabetes of duration of more than 10 years but no clinical signs of diabetic retinopathy.
To avoid the confounding effect of impaired kidney function, patients with overt nephropathy were not enrolled.
The study was approved by the National Medical Ethics Committee. A detailed interview was carried out once informed consent had been obtained from all participants in the study.
Arterial hypertension was defined as systolic blood pressure higher than 140 mm Hg and diastolic blood pressure higher than 90 mm Hg, or both, at repeated measurements, or the current use of antihypertensive agents for confirmed diagnosis of arterial hypertension.
Total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides were determined by standard biochemical methods.
The characteristics of the patients and control subjects are listed in Table 1 . The groups were matched for most clinical parameters except for the age and insulin treatment ( Table 1) .
The BglII gene polymorphism of the a2b1 integrin gene was evaluated as described previously (Matsubara et al. 2000) . Genotyping was performed by two researchers (D.P., B.P.), blinded to the retinopathy status of the patients.
Differences in mean values were assessed by the unpaired Student t test and presented as means ± standard deviation (SD). The chi-square test was used to compare discrete variables. Statistical analysis was performed by using the SPSS program for Windows version 11 (SPSS, Illinois). Statistical significance was set at P<0.05. Logistic regression analysis was performed to assess the independent role of the BglII (+/+) genotype of the a2b1 integrin gene polymorphism and other variables, including age, age of onset of diabetes, duration of diabetes, and insulin therapy (categorical variable: insulin therapy or no therapy).
Results
The BglII a2b1 integrin genotype distribution in cases and controls was compatible with Hardy-Weinberg expectations (cases v 2 =0.74, P=0.39; controls v 2 =3.01, P=0.08). The characteristics of cases and controls are listed in Table 1 . The frequencies of the genotypes of the BglII gene polymorphism of the a2b1 integrin gene are shown in Table 2 ; a significantly higher frequency of the BglII (+/+) genotype was found in patients with diabetic retinopathy compared with subjects without diabetic retinopathy, with an odds ratio (OR) of 3.1 and a 95% confidence interval (CI) of 1.3-7.3; P=0.008).
In the multivariate model (age, BglII +/+ genotype, insulin therapy, age of onset of diabetes, duration of diabetes), BglII (+/+) genotype and insulin therapy were independent risk factors for diabetic retinopathy (Table 3) .
Discussion
We are the first to provide evidence by case-control association study and logistic regression analysis that the BglII (+/+) genotype of the BglII gene polymorphism of the a2b1 integrin gene is associated with an increased risk of diabetic retinopathy in a group of Caucasians with type 2 diabetes. This finding suggests that the BglII gene polymorphism of the a2b1 integrin gene may contribute to genetic susceptibility to diabetic retinopathy in Caucasians with type 2 diabetes. Our finding is consistent with the results of the study reported by Matsubara et al. (2000) who have shown an association between genetic variations in a2b1 integrin and diabetic retinopathy in the Japanese population with type 2 diabetes. Moreover, Matsubara et al. (2000) have demonstrated an association between genetic variations in a2b1 integrin and diabetic nephropathy, another microvascular complication of diabetes, whereas Tsai et al. (2001) have failed to find such an association with diabetic nephropathy in the Chinese population with type 2 diabetes.
Recently, platelet a2b1 density, which has an important impact on platelet adhesion to collagens, has been shown to be genetically determined (Kritzik et al. 1998; Kunicki et al. 1997 ). An association between genetic variations in a2b1 and the density of a2b1 receptors on the platelet surface has also been revealed (Kritzik et al. 1998; Kunicki et al. 1997) . Moreover, Kunicki et al. (1997) have demonstrated that the density of a2b1 receptors on the platelet surface affects platelet adhesion to collagen, contributing to an increased risk of thrombosis. Alteration in retinal and renal blood flow, metabolic changes, hemostatic abnormalities, nonenzymatic glycosylation of collagen, and other tissue proteins are observed during long-term hyperglycemia (Winocour 1992; Patel et al. 1992; Koya et al. 1997) . Platelets from diabetic patients may interact with exposed subendothelial fibrillar collagens, major components of the subendothelial matrix. Moreover, the amount of nonenzymatically glycosylated collagen, which is prone to interact with platelets, has recently been shown to be higher in diabetic patients than in nondiabetic controls (Kritzik et al. 1998; Kunicki et al. 1997) . Platelets, activated by contact with collagens can trigger thrombus formation and small vessel occlusion (Winocour 1992) . Our results increase the knowledge of genetic risk factors for developing diabetic retinopathy in type 2 diabetes. Furthermore, our study and that reported by Matsubara et al. (2000) provide further evidence that platelets are involved in the pathogenesis of diabetic retinopathy. Moreover, our study demonstrates that insulin therapy is independent of the BglII gene polymorphism, which is statistically significantly associated with diabetic retinopathy. This finding suggests the existence of other factors, such as differences in the ability of insulin secretion, or differences in the frequency of episodes of hypoglycemia, or adverse events associated with insulin therapy (hypoglycemia, worsening diabetic retinopathy if HbA 1c decreases rapidly; DeWitt and Hirsch 2003; Dahl-Jorgensen et al. 1985) .
In conclusion, we suggest that the BglII gene polymorphism of the a2b1 integrin gene can be considered as a risk factor for diabetic retinopathy in Caucasians with type 2 diabetes. vation on the gene expression of transforming growth factorbeta, extracellular matrix components, and prostanoids in the glomeruli of diabetic rats. J Clin Invest 100:115-126 
